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A BST R AC T   
 
Aim: To investigate the effect of early systemic tranexamic acid (TRA) administration on hemoglobin (Hb) 
levels in rats with pelvic fracture. 
Method: In our study, 30 Wistar Albino rats were randomly divided into 3 groups in equal numbers and their 
hemoglobin levels were measured by taking blood samples from each. No trauma was applied to the first group 
and it was taken as the main control group of the study. Closed bilateral unstable pelvic fractures were created 
in all rats in groups 2 and 3. Fracture creation time is considered as minute 0. 10 minutes after the fracture was 
formed, TRA was given to the 1st group, TRA to the 2nd group and saline solution to the 3rd group 
systemically. Hemoglobin levels were measured by taking blood samples from all rats at 30th minute and 24th 
hour. The initial Hb values obtained were normalized to 100 and the percentages of 30th minute and 24th hour 
values were calculated. The initial, 30th minute and 24th hour values of all groups were compared statistically 
with each other. The 30th minute and 24th hour values were compared statistically between the groups. 
Results: No death was observed within 24 hours in all three groups. When the first Hb values of each group 
are normalized to 100, the mean Hb percentages were calculated in the first group as 99.54 and 99.84 at 30 
minutes and 24 hour, respectively; 92.95 and 87.73 in the second group; and 87.95 and 73.16 in the third group. 
When these values obtained were compared statistically within the groups (initial, 30th minute, 24th hour Hb 
percentages), there was no significant difference between the initial, 30th minute and 24th hour values in group 
1. However, a statistically significant difference was found between the initial, 30th minute and 24th hour 
values in group 2 and 3 (p<0.01). In the comparison between the groups, a statistically significant difference 
was found between group 1-2, group 1-3 and group 2-3 between both 30th minute and 24th hour values 
(p<0.01). 
Conclusion: In rats with bilateral unstable pelvic fractures due to blunt pelvis trauma, early administration of 
TRA after trauma significantly reduced the first 24-hour decrease in Hb value. Our study supports the early 
and prehospital use of TRA in traumas that are predicted to progress with acute bleeding, such as unstable 
pelvic fractures. 
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One in ten deaths worldwide are caused by 
traumatic injuries, and uncontrolled bleeding is 
responsible for almost half of these traumatic 
deaths [1]. Pelvic ring fractures occur as a result 
of high-energy trauma and constitute 1.5 to 3 
percent of all fractures [2]. As is known, pelvic 
ring fractures are fractures with high mortality 
and morbidity. Although accompanying 
additional injuries such as head trauma, chest 
trauma, and abdominal injuries are among the 
main factors that highlight mortality in patients 
with pelvic fractures, it has been stated that the 
main reason that increases mortality in isolated 
pelvic fractures is massive hemorrhage [3-7]. 
Considering all types of pelvic fractures, 
mortality is seen at a rate of 5-10%. It has been 
reported that this rate reaches up to 60% when 
it is accompanied by hemodynamic instability 
[8,9]. Despite the advancement and 
development of innovative multidisciplinary 
approaches in trauma management, 
posttraumatic bleeding emerges as the main 
cause of death in the first 24 hours after trauma 
[10]. 
Tranexamic acid (TRA) is the synthetic 
analogue of lysine amino acid. It shows 
antifibrinolytic effect by binding to 
plasminogen or plasmin through lysine 
receptors. With this effect, it prevents plasmin 
from binding to fibrin and preserves the matrix 
structure of fibrin [11]. The article on the first 
clinical use of TRA was published in 1968 
regarding its use in the treatment of severe 
menstrual bleeding [12]. In the course of time, 
its use in dental, urological, cardiac and 
transplant surgeries has become widespread, 
and its use in arthroplasty and spinal surgeries 
in the orthopedic field has been accepted. Its 
use in patients with polytrauma and 
uncontrolled bleeding has been investigated, 
and studies on its use to reduce the amount of 
bleeding in patients with polytrauma in both 
prehospital and emergency services gained 
popularity. In this animal experiment we 
conducted, we aimed to shed light on the use of 
TRA in the early post-traumatic period in 
patients with life-threatening pelvic fractures 
due to severe bleeding by observing the effect 
of early TRA administration on hemoglobin 
levels in rats with pelvic fracture created by 
blunt pelvis trauma.  
 
Materials and methods 
This study was conducted with the ethical 
approval given by Animal Experiments Local 
Ethics Committee at Bolu Abant Izzet Baysal 
University (approval number 2018/19). Thirty 
female Wistar Albino rats, 2-4 months old and 
weighing 200-250 g, were used in our study. 
Rats were randomly divided into 3 groups with 
10 rats in each group and the rats were 
numbered from 1 to 30. Blood samples were 
taken from all rats under general anesthesia to 
measure the hemoglobin levels of the rats. For 
general anesthesia, ketamine/xylazine was 
administered to each rat at 90/10 mg/kg 
intramuscularly (im). 0.25-0.5 ml blood sample 
was taken from the right periorbital venous bed 
of anesthetized rats with the help of a glass 
capillary tube into blood collection tubes 
containing ethylenediaminetetraacetic acid 
(Mini Collect Complete K2EDTA Greiner Bio-
one) and sent to the biochemistry laboratory for 
complete blood count. After the first blood was 
taken, no pelvis trauma was applied to the rats 
in group 1 (n=10) which were designated as the 
control group. In group 2 (n=10) and group 3 
(n=10), a closed bilateral unstable pelvic 
fracture was created under general anesthesia 
(ketamine/xylazine, 90/10 mg/kg im). In order 
to create a pelvic fracture and to expose the rats 
to a standard trauma as possible, a weight 
dropping device   was   used,   which allows the  
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metal cylindrical block weighing 100 g to fall 
upon the desired point on rat from a height of 1 
meter (Figure 1A).  
The anesthetized rat was placed on the lower 
round metal plate in the left lateral decubitus 
position and the pelvis in the middle of the 
lower round table, as seen in Figure 1B. A metal 
cylinder weighing 100 g was placed in the 
channel in the middle of the upper table and the 
metal cylinder was released from a distance of 
1 meter and dropped onto the pelvis of the rat 
placed in the lateral decubitus position on the 
lower plate (Figure 1C). It was taken care to 
match the falling cylinder base between the 
most proximal point of the iliac wing and the 
trochanteric protrusion which can be felt by 
palpation (Figure 1D).  
The presence of instability in both hemipelvis 
was confirmed by the movement of the 
hemipelvis in the axial, coronal and sagittal 
planes with pelvic examination. In 4 rats (2 in 





















instability could not be felt in the pelvic 
examination after weight release from height 
method, the fracture was displaced and 
instability was achieved by the same researcher 
with slight manipulation to the hemipelvis, 
where instability could not be felt completely, 
and pathological movement and crepitation 
were made noticeable by physical examination. 
Pelvic fractures were demonstrated by 
anteroposterior (AP) pelvis radiographs (Figure 
2A). In cases where the fracture could not be 
seen with AP pelvis radiographs, the iliac 
oblique pelvis radiographs were taken to reveal 
the fractures (Figure 2B, C). 
This sequence of methods used to create 
fractures was repeated in the same way in all 
rats in groups 2 and 3. In the rats in groups 2 
and 3, the fracture moment was accepted as 0 
minutes. At the 10th minute, rats in groups 1 
and 2 were administered intraperitoneally by 
diluting 30 mg/kg TRA in 1 cc of saline 
solution. Rats in group 3  were  given  only 1 cc  
 
Figure 1. A) Weight dropping device that allows the metal cylindrical block weighing 100 g to fall upon the 
desired point from a height of 1 meter. The distance between the lower and upper table is 1 meter. The 
diameters of the upper and lower round trays are equal to each other. B) Image of the anesthetized rat was 
placed on the lower round metal plate in the left lateral decubitus position and the pelvis in the middle of the 
lower round table. C) The image of the 2 cm diameter cylindrical channel in the center of the upper plate 
through which the cylindrical metal block with a diameter of 2 cm can pass. D) Demonstrative view of the 
target. We took care to match the falling cylinder base between the most proximal point of the iliac wing and 
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of saline solution intraperitoneally. All rats in 
all three groups were administered metamizole 
sodium 50 mg/kg intramuscularly as a pain 
reliever. 
At the 30th minute, blood samples were 
collected from all rats under general anesthesia 
(ketamine/xylazine, 90/10 mg/kg i.m.), this 
time from the left periorbital venous beds with 
the same method for complete blood count. The 
survival of all rats was monitored until the 24th 
hour. All rats were fed ad libitum for 24 hours. 
At the 24th hour, under general anesthesia 
(ketamine/xylazine, 90/10 mg/kg i.m.), 
thoracotomy was made and ventricular blood 
discharge was performed on all rats and the rats 
were sacrificed. With this method, the last 
blood samples were taken for complete blood 
count. All of the blood samples taken were 
studied on the Cell Dyn 3700 (Abbott, IL, USA) 
device on the same day. The hemoglobin values 
obtained were recorded.  
The first hemoglobin value of each rat was 
normalized to 100 and the percentages of 30th 
minute and 24th hour values were calculated. 
With the one-way Anova and Tukey HSD tests, 
the initial, 30th minute and 24th hour values of 
each group were statistically compared with 
each other within the group itself. The 30th 














values were compared between the groups 
using the same statistical methods. 
 
Statistical analyses 
Analysis of all data groups are performed in a 
sequence as one way analysis of variance 
ANOVA and Tukey multiple comparisons to 
test if any significant differences between the 
observed group of samples in 0 min, 30 min and 
24 hours which is A, B and C. The p-value 
corresponding to the F-statistic of one-way 
ANOVA is expected to be <0.05 (5%) for 
indication significant difference of means, and 
Q-statistic - value for Tukey test is expected to 
be <0.01 (1%) for indication of significant 
difference between the par of groups (A vs B, 
A vs C, B vs C). All analysis are performed 
using JASP (JASP Team (2020). JASP (Version 
0.14.1) Computer software). 
 
Results 
No death was observed within 24 hours in all 
three groups. When the initial hemoglobin 
values of each group are normalized to 100 
(initial value), the average hemoglobin 
percentages in the first group at 30th minute and 
24th hour were respectively 99.54 and 99.84; 
92.95 and 87.73 in the second group; in the 3rd 
group, it was    calculated    as    87.95 and 73.16  
 
Figure 2. A) AP pelvis radiograph of a rat after trauma. B, C) Iliac oblique radiographies of a rat after trauma. 
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(Table 1). When these values were compared 
statistically with the one-way Anova test and 
Tukey HSD test within the groups (initial, 30th 
minute and 24th hour hemoglobin percentages), 
no significant difference was found between the 
initial, 30th minute and 24th hour values in 
group 1 (p> 0.01). A statistically significant 
difference was found between the initial, 30th 
minute and 24th hour values in group 2 (initial> 
30th minute> 24th hour values, p <0.01).  
A statistically significant difference was found 
between the initial, 30th minute and 24th hour 
values in group 3 (initial> 30th minute> 24th 
hour values, p <0.01). When 30th minute 
values were compared between the groups, a 
statistically significant difference was found 
between group 1, group 2 and group 3 (group 
1> group 2> group 3, p <0.01).  
When the 24th hour values were compared 
between the groups, a statistically significant 
difference was found between group 1, group 2 
and group 3 (group 1> group 2> group 3, p 
<0.01). When the numerical similarity between 
the 24th hour values of the 2nd group and the 
30th minute values of the 3rd group attracted 
attention, these values were compared 
statistically with the one-way ANOVA method 
and it was concluded that there was no 
statistically significant difference between 














In pelvic fractures, 85% of bleeding is caused 
by disruption of the integrity of the presacral 
venous plexus and bone [13,14]. Looking at the 
methods used to control bleeding in patients 
with pelvic fractures, we see non-invasive 
methods such as circumferential sheet 
wrapping, circumferential compression sling / 
binder device that allow temporary mechanical 
stabilization and reduce pelvic volume. These 
are the most common ones in the literature and 
can be easily applied by emergency teams at the 
time of diagnosis or suspicion of pelvic fracture 
[15-17].  
Among the invasive methods of controlling 
bleeding, various pelvic external fixator 
applications are among the main methods. 
Bleeding control is aimed by temporarily 
providing pelvic stabilization with external 
fixator applications. It should be kept in mind 
that pelvic external fixator application is 
effective on bleeding control, but these 
applications should be performed by 
experienced and expert teams who know which 
technique to use in which fracture type [18]. 
Another invasive method, preperitoneal pelvic 
packing can be life-saving in cases with 
bleeding that cannot be controlled, however, it 
has been associated with deep tissue and wound 
infections as a complication afterwards [19]. 
Table 1. Mean values of Hb levels (initial, 30th minute and 24th hour) and ratio of 30th minute and 24th hour 
values to initial values. 
Groups  Initial 




30th minute  
Hb (g/dl)  
30th  minute 
% ratio 
 
24th  hour  
Hb (g/dl)  
24th  hour  
% ratio  
P 
Group 1 15.20 100 15.13 99.54 15.17 99.84 <0.01** 
Group 2 14.79 100 13.75 92.95 12.98 87.73 <0.01** 
Group 3 15.28 100 13.44 87.95 11.19 73.16 <0.01** 
p    <0.01*  <0.01*  
*shows the difference between group 1, 2 and 3 at 30th minute and 24th hour 
**shows the difference between initial, 30th minute and 24th hour values in group 1, 2 and 3. 
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Arterial injuries are seen at a rate of 10-15% in 
pelvis traumas. Transarterial embolization, 
recommended by the Eastern Association for 
the Surgery of Trauma guidelines, is an 
effective method that can be used in the control 
of arterial bleeding in patients with 
hemodynamically unstable pelvic fractures. 
Resuscitative Endovascular Balloon Occlusion 
of the Aorta (REBOA) technique is another 
arterial intervention that can be used in cases 
with uncontrolled bleeding originating from the 
arterial. It should be kept in mind that both 
methods have their own vascular and visceral 
complications [20,21]. 
The frequency of use of TRA in many surgical 
areas has increased, apart from orthopedic 
surgeries, because it reduces the amount of 
bleeding and the need for transfusion. Although 
it was first used in arthroplasty surgeries and 
elective spinal surgeries in orthopedic surgery, 
recently its use has come to the fore in femoral 
fractures, hip fractures, pelvis-acetabulum 
fractures and surgeries, which are known to be 
more bleeding from the fracture itself or due to 
the surgery to be performed. Although the 
literature gives information that the use of TRA 
in hip fracture surgeries will decrease the 
amount of bleeding and the need for 
transfusion, this situation has not been fully 
clarified in pelvis and acetabulum traumas. 
However, there is a consensus in these studies 
that the risk of thromboembolism does not 
change with the use of TRA [22]. 
In addition to elective surgeries in orthopedics, 
the frequency of use of TRA in fracture 
surgeries has increased in recent years. Studies 
revealing that the need for blood transfusion 
decreased with the use of TRA are in majority. 
Shaoyun Zhang et al. in their review of the 
literature to summarize the recent studies on 
TRA administration in traumatic orthopedic 
surgery, they concluded that topically applied 
TRA in hip fracture surgery reduces blood loss 
without increasing the risk of 
thromboembolism and reduces the need for 
transfusion. In their review of the literature, 
they concluded that its effectiveness in other 
orthopedic surgeries such as pelvic and 
acetabular fractures is not clear [22]. In a meta-
analysis of the use of TRA in patients with 
femur fracture, Pei Zhang et al. reported that 
both intravenous and topical TRA 
administration decreased the transfusion rate in 
femoral fracture surgery [23]. In their study to 
investigate the role of antifibrinolytics in pelvic 
and acetabular fracture surgery, Piggott RP et 
al. emphasized that in elective spinal and joint 
arthroplasty surgeries, antifibrinolytics 
provided benefits by reducing the amount of 
bleeding, but their role in trauma and fracture 
surgeries was not yet clear [24]. Spitler CA et 
al. conducted a randomized controlled trial to 
evaluate the safety and effectiveness of TRA 
use in pelvic ring, acetabulum and proximal 
femur fractures. They reported that the use of 
TRA in high-energy fractures of the pelvis, 
acetabulum, and femur significantly reduced 
the amount of bleeding, but did not decrease 
overall transfusion rates and also that the 
frequency of venous thromboembolism did not 
increase [25]. Watts CD et al. reported in the 
randomized clinical trial they performed on 
patients who underwent hemi or total hip 
arthroplasty due to femoral neck fracture, the 
amount of blood loss and blood product 
transfusion rates in the TRA applied group were 
significantly decreased compared to the control 
group without TRA and that there was no 
difference between the two groups in terms of 
adverse effects within the first 30 days and 90 
days after surgery [26]. 
Because unstable pelvic fractures can be fatal 
with massive bleeding, the intervention to be 
performed at the first encounter of patients with 
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a pre-diagnosis of pelvic fracture in the area of 
trauma, such as pelvic binders and 
circumferential wrapping, which also allows 
temporary stabilization of the pelvis and can be 
easily applied by emergency teams, almost 
routinely started to be applied. In addition, 
prehospital application of TRA has come to the 
fore in order to reduce blood loss. Although 
there is no specific clinical study about the 
administration of TRA in patients with a pre-
diagnosis of pelvic fracture in the literature, this 
issue has been included in the prehospital 
management of polytraumatized patients with 
acute bleeding, and studies suggesting early 
TRA administration in patients with 
uncontrolled bleeding have come to the fore. In 
this study, we created an acute bleeding trauma 
patient model by creating an unstable pelvic 
fracture in rats. 
We aimed to see the effect of early TRA 
administration on hemoglobin value, without 
applying other measures that can be taken to 
reduce the amount of bleeding. When we look 
at the literature, in the Clinical Randomization 
of an Antifibrinolytic in Significant 
Hemorrhage 2, (CRASH-2) study, which is one 
of the most prominent studies on the subject, 
Shakur H et al. reported that administration of 
TRA within 1 hour significantly reduced the 
amount of bleeding and mortality [27]. 
Morrison JJ et al. retrospectively examined 896 
patients who were injured during the war and 
had blood transfusion in Afghanistan, reported 
that although the mean injurity severity score 
was higher in 293 patients treated with TRA, 
the mortality was significantly lower [28]. In 
their retrospective study, El-Menyar A et al. 
compared 102 trauma patients who underwent 
prehospital TRA with the same number of 
trauma patients without TRA, they associated 
prehospital TRA with less need for blood 
transfusion. In their study, they demonstrated 
that there was no significant change in mortality 
rates and also thromboembolic events [29]. 
Levi M evaluated the use of TRA in patients 
with severe trauma-related blood loss in a large 
international randomized controlled study, 
concluded that TRA administration reduced 
bleeding-related mortality, and that TRA did 
not cause thromboembolism and other serious 
adverse effects [30]. Neeki MM et al. identified 
injured patients who were exposed to 
penetrating or blunt trauma, with signs of 
hemorrhagic shock in prehospital evaluation, 
and who underwent prehospital TRA as the 
study group (362 patients in TRA group), and 
comprised the control group of injured patients 
who were exposed to penetrating or blunt 
trauma, with signs of hemorrhagic shock but 
did not receive TRA in the same center (362 
patient in control group). When they compared 
the control group and the TRA group, they 
reported that mortality was 3.6% in the TRA 
group in the first 28 days of follow-up and 8.3% 
in the control group. When severely injured 
patients with ISS> 15 are compared, they 
reported that this difference is higher (6% vs 
14.5% for TRA and control, respectively). 
When they evaluated in terms of blood 
transfusion, they revealed that this need was 
significantly less in the TRA group. Similar to 
the literature, they also reported that there was 
no increase in side effects related to TRA [31]. 
In this experimental study we conducted, when 
the percent hemoglobin values at the beginning, 
30th minute and 24th hour of group 3 were 
compared with each other, a statistically 
significant difference was found between these 
values, and this, first of all, showed us 
experimentally, that the decrease in 
hemoglobin values with the pelvis trauma 
continued significantly for 24 hours. This result 
is consistent with the information in the 
literature that there will be significant bleeding 
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in unstable pelvic fractures. In our study, the 
30th minute values of group 2 (TRA after pelvic 
fracture) were found to be significantly higher 
than group 3 (no TRA after pelvic fracture). 
And also the percentage values of group 2 at the 
24th hour after the trauma were found to be 
significantly higher than the percentage values 
of group 3. This result shows us that TRA 
application significantly reduces the amount of 
bleeding due to pelvic fracture. This result is 
consistent with the studies in the literature 
reporting that using TRA especially in the first 
hour after trauma reduces the amount of 
bleeding. In this context, our study supports 
studies stating that TRA can be used in the 
earliest period after trauma and even in the 
prehospital period, in addition to other 
interventions that can be applied to reduce 
bleeding, especially in traumas with acute 
bleeding such as pelvic fractures that are 
unstable and tend to bleed seriously. When we 
look back on the literature, we see that the side 
effects that may arise in the use of this easy-to-
apply, cost-effective agent in traumas with 
bleeding that may threaten the life of the patient 
are at a level that can be ignored depending on 
the gain to be achieved. 
Another result that draws our attention in our 
study is that there is no statistically significant 
difference between the percentage values of the 
24th hour of the second group in which TRA 
was applied after fracture, and the percentage 
values at the 30th minute of the 3rd group, who 
did not receive TRA after the fracture. The fact 
that the decrease observed in the 24-hour period 
in the TRA applied group occurred in only 30 
minutes in the group without TRA, 
experimentally demonstrated a strong negative 
effect of TRA on bleeding. Whether it has the 
same strong effect in the clinic can only be 
determined by clinical studies. 
 
Conclusion 
In rats with bilateral unstable pelvic fractures 
due to blunt pelvis trauma, early administration 
of TRA after trauma significantly reduced the 
first 24-hour decrease in hemoglobin value. 
This experimental study supports the early and 
prehospital use of TRA in traumas that are 
predicted to progress with acute bleeding, such 
as unstable pelvic fractures. However, we think 
that more comprehensive clinical studies are 
needed to verify this and draw its boundaries. 
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